
Summary of Protocol Amendments  1  2 The study had a total of 6 amendments submitted to and approved by the IRB. All were 3 minor and received expedited approval.  4  5 The original protocol was approved on 8/20/12. Patients were to be enrolled and 6 randomized at the time of intubation. However, the logistical issue of obtaining informed 7 consent around the time of intubation made it impossible to enroll any patients. Since the 8 majority of patients with hypoxemic respiratory failure initially were treated with face 9 mask NIV, we amended the protocol (Amendment # 1, approved on 2/11/2013) to enroll 10 patients while they were receiving noninvasive ventilation. This allowed adequate time so 11 that all patients in the trial were enrolled before endotracheal intubation, while they were 12 receiving face mask NIV. 13  14 Amendment #2 intended to broaden the study population from hypoxemic to all types 15 of respiratory failure (i.e. hypoxemic, ventilator and shock). This amendment was approved 16 on 5/22/2013. However, over the complete course of the study, the only patients ever 17 enrolled in the trial had hypoxemic respiratory failure, specifically ARDS. 18  19 Amendment #3 involved personnel changes that reflected supportive staff that had left 20 our institution and therefore were no longer involved in the study. This amendment was 21 approved on 6/27/2013.  22  23 Amendment #4 involved personnel changes that reflected supportive staff that had left 24 our institution and therefore were no longer involved in the study. This amendment was 25 approved on 7/10/2013.  26  27 Amendment #5 involved personnel changes that reflected supportive staff that had left 28 our institution and therefore were no longer involved in the study. This amendment was 29 approved on 2/27/2015.  30  31 Amendment #6 corrected a mathematical error in the statistical analysis plan. This 32 amendment was approved on 4/28/2015.  33  34  35 
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 51 
Background: 52 Respiratory failure characterized by acute deterioration of gas exchange is often treated 53 with endotracheal intubation and mechanical ventilation (figure 1).  Similarly, the classic 54 teaching in the treatment of patients with shock required intubation to “take away the 55 work of breathing.” Although, the institution of mechanical ventilation is considered life 56 saving, the associated complications of tracheal stenosis,i ventilator associated 57 pneumonia,ii barotraumaiii, and neuromuscular weaknessiv are not without considerable 58 morbidity and mortality.  59  60 Over the past years non-invasive ventilation delivered by facemask (figure 2) has become 61 an attractive option to improve gas exchange without an artificial airway, thus preserving 62 airway defense mechanisms, speech and swallow capabilities, and allowing interaction 63 between patients and care providers while avoiding the complications of endotracheal 64 intubation. This strategy of non-invasive ventilation has demonstrated significant mortality 65 benefit in patients with hypercapnic respiratory failure from COPD,v,vi acute cardiogenic 66 pulmonary edema,vii,viii and hypoxemic respiratory failure in immunocompromised 67 patients.ix,x In addition to successfully avoiding endotracheal intubation, non-invasive 68 
ventilation has been used to successfully liberate patients from mechanical ventilation via an 69 
endotracheal tube to extubation and transition to non-invasive mechanical ventilation. As such 70 non-invasive ventilation has been a standard therapy for certain types of respiratory 71 failure for more than 15 years. 72  73 Despite the advantages of non-invasive ventilation, up to forty percent of patients fail 74 facemask trials in part because of mask intolerance and severity of disease.xi Some common 75 complications contributing to mask intolerance include claustrophobia, nasal bridge skin 76 necrosis, acneiform rash, and conjunctivitis and if present prompt premature 77 
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discontinuation of non-invasive ventilation and endotracheal intubation. Further limitation 78 to facemask non-invasive ventilation is that the seal integrity is lost when higher pressures 79 are required. For example, non-invasive ventilation via a nasal or full face mask typically 80 begins to demonstrate leaks when the pressures required exceed 15-20 cm H2O. 81 Unfortunately, certain types of respiratory failure such as that due to hypoxemia or shock 82 may require such higher pressures. In an attempt to improve patient tolerability and 83 deliver higher pressures, a transparent helmet has been proposed as a novel interface for 84 non-invasive ventilation.  The helmet is made of transparent latex-free PVC with a soft 85 collar that adheres to the neck ensuring a seal when inflated (figure 3). It encloses the 86 entire head and neck of the patient and is secured by two armpit braces.  The design of the 87 helmet confers some important advantages: 1) the transparency allows the patient to 88 interact with the environment; 2) the lack of contact to the face lowers the risk of skin 89 necrosis; 3) the helmet avoids problems of leaking with higher airway pressures that are 90 seen with the face mask. Accordingly, it can be used to deliver airway pressures up to 40 91 cm H2O without leaking. Such higher pressures are more often needed to provide effective 92 mechanical ventilation to patients with hypoxemic respiratory failure and/or shock; 4) it 93 can be applied to any patient regardless of facial contour.xii 94  95 The helmet interface has been compared to face mask in small case control studies for the 96 treatment of hypoxemic respiratory failure (AHRF). While both interfaces have similar 97 improvement of oxygenation, intubation rates, and mortality, the helmet had good 98 tolerability that allowed for longer continuous application of noninvasive ventilation and in 99 some cases sustained improvement of gas exchange even after discontinuation of therapy 100 in immunocompromised patients,xiii,xiv non-cardiogenic acute hypoxemic respiratory 101 failure,xv and acute cardiogenic pulmonary edemaxvi.  Given this initial experience and 102 success with helmet ventilation, larger randomized studies comparing this intervention to 103 endotracheal intubation in patients with AHRF and shock need to be done to understand 104 the potential benefits of helmet ventilation. 105  106 
Purpose:  107 The objective of our study is to evaluate the efficacy of helmet ventilation as compared with 108 endotracheal intubation in patients with acute hypoxemic respiratory failure and evidence 109 of shock, specifically assessing improvement of oxygenation, need for mechanical 110 ventilation, and rates of ICU complications. 111  112 
Hypothesis:  113 Noninvasive positive pressure ventilation delivered by helmet will improve oxygenation 114 and avoid the need for endotracheal intubation in some patients with hypoxemic 115 respiratory failure and shock. This may result in improved outcomes with decreased rates 116 of ICU related complications. 117  118 
Methods: 119 
Study Design 120 We propose a single center randomized controlled trial studying the efficacy of noninvasive 121 ventilation delivered via helmet in patients with acute hypoxemic respiratory failure 122 
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(AHRF) and shock. All patients admitted to the adult medical intensive care unit at the 123 University of Chicago will be screened for eligibility.  124 
 125 
Subject Inclusion 126 Patients aged ≥18 years of age who require endotracheal intubation and mechanical 127 ventilation for non-cardiogenic acute hypoxemic respiratory failure (AHRF) and/or shock 128 will be eligible for enrollment.  Additional inclusion criteria include: 129 

• Intact airway protective gag reflex 130 
• Able to follow instructions (e.g. squeeze hand on command, eye contact with care 131 provider, stick out tongue on command) 132  Acute hypoxemic respiratory failure will be defined as moderate to severe dyspnea, 133 pulmonary infiltrates, and PaO2/FIO2 ratio less than 300.  134 Shock will be defined as mean arterial pressure was less than 70 mm Hg or the systolic 135 blood pressure was less than 100 mm Hg despite administration of intravenous fluids (at 136 least 1000 ml of crystalloids or 500 ml of colloids, unless there was an elevation in the 137 central venous pressure to >12 mm Hg or in pulmonary-artery occlusion pressure to >14 138 mm Hg) and if there were signs of tissue hypoperfusion (e.g., altered mental state, mottled 139 skin, urine output of <0.5 ml per kilogram of body weight for 1 hour, or a serum lactate 140 level of >2 mmol per liter)xvii.  141 

Subject exclusion 142 The criteria for exclusion include: 143 
• Cardiopulmonary arrest 144 
• Glascow coma scale  <8  145 
• Absence of airway protective gag reflex  146 
• Elevated intracranial pressure 147 
• Tracheostomy 148 
• Upper airway obstruction 149 
• Pregnancy.  150 
• Patients who refuse to undergo endotracheal intubation, whatever the initial 151 therapeutic approach  152 

 153 
Helmet group 154 Patients randomized to the intervention group will receive noninvasive ventilation 155 delivered via a latex-free helmet connected to the ventilator by conventional tubing. The 156 helmet contains the head and the neck of the patient, has a rigid ring and is secured by two 157 armpit braces; a soft collar adheres to the neck and ensures a sealed connection once the 158 helmet is inflated.  The rigid ring has an opening for the passage of nasogastric tube (if 159 needed). 160  161 Patients randomized to helmet ventilation will either be connected immediately to this 162 device de novo or extubated within the first 24 hours of their respiratory failure. In this 163 latter case they will have mechanical ventilation via the endotracheal tube substituted 164 
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immediately with mechanical ventilation via the helmet. The ventilator delivers pressure 165 through the helmet inlet tubing and exhaled breaths are released though the helmet outlet 166 tubing. The positive end-expiratory pressure (PEEP) will be increased in increments of 2-3 167 cmH20 to improve peripheral oxygen saturation of at least 90% at an inspired oxygen 168 requirement (FiO2) of ≤ 60%. Pressure support will be increased in increments of 2-169 3cmH20 to obtain respiratory rate <25 breaths/min, disappearance of accessory muscle 170 activity, and exhaled tidal volume of 6-8mL/kg of ideal body weight. After application of the 171 helmet, arterial blood gas sampling will be utilized to follow gas-exchange; this is a part of 172 usual care for the management of patients with acute hypoxemic respiratory failure and/or 173 shock. Noninvasive support will be reduced progressively in accordance to clinical 174 improvement and will be discontinues if patient maintains respiratory rate 175 <30breaths/min and PaO2 >75mm Hg with FiO2 0.5 without ventilatory support. If 176 endotracheal intubation is required, the helmet will be removed and the patient will be 177 intubated without delay.  178  179 Predetermined criteria for intubation will include:  180 
• Inability to achieve an arterial oxygen saturation by pulse oximetry or arterial blood 181 gas ≥ 88% 182 
• Respiratory rate > 36 breaths/min  183 
• Loss of ability to maintain ventilation to keep arterial blood pH ≥ 7.20 184 
• Loss of protective airway gag reflex (seizure disorder, severe encephalopathy, 185 Glascow Coma Scale <8) 186 
• Respiratory or cardiac arrest 187 
• Intolerance of the helmet 188 
• Development of airway bleeding, persistent vomiting, and development of copious 189 tracheal secretions.  190  191 If an enrolled patient is randomized to helmet noninvasive ventilation after intubation, 192 they will undergo interruption of sedation and extubation with immediate placement of the 193 helmet and initiation on noninvasive ventilation. Early initiation of noninvasive ventilation 194 in patients who do not meet start criteria for extubation to facilitate early extubation has 195 been associated with decreased mortality, ventilator associated pneumonia, and ventilator 196 days.xviii  197  198 

Control Group 199 Patients assigned to the conventional ventilation group will undergo intubation with cuffed 200 endotracheal tubes. The initial ventilator setting will be assist-control mode with delivery 201 of tidal volumes of 6-8mL/kg of ideal body weight, and titration of PEEP to achieve oxygen 202 saturation of 90% at lowest possible FiO2 (goal FiO2 0.6 or less). Daily interruption of 203 sedation, awakening and breathing trials will be performed per primary team. 204  205 
Data Collection: 206 All study patients during hospitalization will have: 207  208 1. General Data collection: 209 
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• Demographic information, including medical history number, age, race, 210 gender 211 
• Details of current illness, including diagnosis, interventions, radiology 212 imaging, laboratory results.  Severity of illness scoring will occur (APACHE II 213 – see Appendix 1) as well as daily serial organ function assessments (see 214 Appendix 2). 215 
• Baseline medical/surgical/functional status history 216 
• Dates of mechanical ventilation, ICU and hospital length of stay 217 
• Discharge Location 218  219 2. Daily Data Collection 220 
• Daily mental status evaluations, including the Richmond-Agitation-Sedation 221 Scale (Appendix 3) and the Confusion Assessment Method (Appendix 4) 222 
• Muscular strength testing by physical therapists on ICU admission, ICU 223 discharge and hospital discharge 224  225 3. All patients after discharge 226 
• Telephone interviews at 1, 3, 6, and 12 months after discharge (Appendix 7) 227 

o Lasting approximately 5 minutes in duration 228 
o Assessing self-reported performance of ADL’s 229 
o Reviewing need for medical care, including re-hospitalization, 230 rehabilitation, physician outpatient visits 231 
o Current weight and nutritional status 232 

Endpoints:  233 
Primary 234 

• Improvement of oxygenation (defined as PaO2/FiO2 ≥ 200 or increase from 235 baseline by 100) 236 
• Duration of mechanical ventilation via endotracheal tube 237 
• Percentage of patients requiring endotracheal intubation 238 
• ICU length of stay 239 
• Hospital Mortality  240  241 

Secondary 242 
• Duration of mechanical ventilation via either endotracheal tube or non-invasive 243 helmet 244 
• ICU complications 245 

o Ventilator associated pneumonia 246 
o Barotrauma 247 
o Gastrointestinal hemorrhage 248 
o Pulmonary embolism 249 
o Sacral Decubitus ulcer 250 
o Delirium 251 
o ICU acquired weakness 252 

• Hospital length of stay 253 
• Readmission to intensive care unite 254 
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• Discharge location (home, skilled nursing facility, nursing home, rehabilitation 255  256 
Risks and Benefits 257 The risks of this study are limited beyond those experienced during routine critical care of 258 an intubated, mechanically ventilated patient. 259 

• Non-invasive mechanical ventilation may be associated with failure to stabilize 260 respiratory gas exchange. In this case, patients will be intubated and mechanically 261 ventilated via the endotracheal tube. 262 
• Non-invasive mechanical ventilation may be associated with failure to stabilize 263 circulatory shock. In this case, patients will be intubated and mechanically 264 ventilated via the endotracheal tube. 265 
• Non-invasive mechanical ventilation may be associated with aspiration. 266 Accordingly, only patients with an intact airway protective gag reflex will be eligible 267 for enrollment. Aspiration is also known to occur in patients who have an 268 endotracheal tube. Care will be taken to monitor all patients in this study for this 269 occurrence. 270 

 271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288 
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 289  290  291 Figure 1: Endotracheal Tube 292 

 293  294 Figure 2: Facemask 295  296 

 297  298  299 Figure 3: Helmet 300 
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Appendix 1: ACUTE PHYSIOLOGY AND CHRONIC HEALTH EVALUATION 303 
(APACHE) II SCORING SYSTEMxix 304 

 305 
 306 

 307 308 
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Appendix 2:  Serial Organ Function Assessment[18]xx 309 
 310 

 311 
 312 
 313 
 314 
 315 
 316 
 317 
 318 
 319 
 320 321 
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Appendix 3. Richmond agitation–sedation scalexxi 322 

323 
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APPENDIX 4:  Confusion Assessment Method (CAM-ICU)xxii 324 

 325 
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 Appendix 5:  Telephone Survey     326 We would like to ask you (the PATIENT) some questions about your (the PATIENT’S) 327 health: 328 
• In general, how would you say your health is now? 329 
□ Excellent 330 
□ Very good 331 
□ Good 332 
□ Fair 333 
□ Poor 334  335 
• Sometimes it is necessary to spend most of the day in bed.  Is this true for you now?   336 
□ Yes 337 
□ No 338 
□ Don’t know 339  340 
• Have you fallen since discharge/since the last time our team talked with you by 341 phone? 342 
□ Yes 343 
□ No 344 
□ Don’t know 345  346 
• If you have fallen since discharge/since the last time our team talked with you by 347 phone, did you see a doctor or go to an emergency department to get checked out 348 after the fall? 349 
□ Yes 350 
□ No 351 
□ Don’t know 352  353 
• Have you been admitted to a hospital since your hospital discharge/the last time our 354 team spoke with you by phone? 355 
□ Yes 356 
□ No 357 
□ Don’t know 358  359 
• Since discharge or the last time our team spoke with you, have you spent any time 360 living in a nursing home, group home/assisted living facility, or rehabilitation 361 facility? 362 
□ Yes 363 
□ No 364 
□ Don’t know 365 
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 366 
• Did (you/PATIENT) need help washing or bathing (yourself/HIMSELF/HERSELF)? 367 
□ Yes 368 
□ No 369 
□ Don’t know 370  371 
• Do you need help dressing and undressing? 372 
□ Yes 373 
□ No 374 
□ Don’t know 375  376 
• Do you need help eating, including cutting food? 377 
□ Yes 378 
□ No 379 
□ Don’t know 380  381 
• Do you need help getting in and out of the bed and a chair? 382 
□ Yes 383 
□ No 384 
□ Don’t know 385  386 
• Do you need help cleaning yourself for either bowel or bladder functions? 387 
□ Yes 388 
□ No 389 
□ Don’t know 390  391 
• Do you sometimes have an accident with your bowels either during the day or 392 night? 393 
□ Yes 394 
□ No 395 
□ Don’t know 396  397 
• Do you sometimes wet yourself either during the day or night? 398 
□ Yes 399 
□ No 400 
□ Don’t know 401  402  403 
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Do you do the following on your own (NO HELP), with some help, or are you unable 404 
to: 405 

• Use the telephone, including looking up and dialing numbers, and answering the  406      phone? 407 
□ On own/no help 408 
□ Some help 409 
□ Unable to do this 410 
□ Don’t know 411  412 
• Get to places out of walking distance by using public transportation or driving  413 your car? 414 
□ On own/no help 415 
□ Some help 416 
□ Unable to do this 417 
□ Don’t know 418  419 
• Shop for groceries or clothes? 420 
□ On own/no help 421 
□ Some help 422 
□ Unable to do this 423 
□ Don’t know 424  425 
• Prepare, serve and provide meals for yourself? 426 
□ On own/no help 427 
□ Some help 428 
□ Unable to do this 429 
□ Don’t know 430  431 
• Do light housework, such as dusting or doing dishes? 432 
□ On own/no help 433 
□ Some help 434 
□ Unable to do this 435 
□ Don’t know 436  437 
• Take pills or medicines in the correct amounts and at the correct times? 438 
□ On own/no help 439 
□ Some help 440 
□ Unable to do this 441 
□ Don’t know 442  443 
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• Handle your own money, including writing checks and paying bills? 444 
□ On own/no help 445 
□ Some help 446 
□ Unable to do this 447 
□ Don’t know 448  449 
• Do your laundry? 450 
□ On own/no help 451 
□ Some help 452 
□ Unable to do this 453 
□ Don’t know 454  455 
• Walk across the room either on your own or with a cane or walker? 456 
□ On own/no help 457 
□ Some help 458 
□ Unable to do this 459 
□ Don’t know 460  461 The following questions are about your living situation. 462 
• Where do you currently live? 463 

□ Your (the PATIENT’S) own apartment or house 464 
□ A relative or friend’s apartment or house 465 
□ A nursing home, group home/assisted living facility, or long-term care facility 466 
□ A homeless shelter 467 
□ Other____________________ 468  469 
• How many people live with you (the PATIENT)?  __________ 470  471  472 
• What is your current weight? __________ 473  474 
• If you (the PATIENT) need extra help when you get home from the hospital, is 475 there someone who can help you (the PATIENT)? 476 
□ No 477 
□ Yes 478  479  480  481  482 
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If “Yes”, what is this person’s relationship to you (the PATIENT)? 483   484 Spouse   1  Neighbor or landlord   7 485  Other partner  2  Other friend    8 486  Child   3  Floor nurse    9 487  Parent   4  Visiting nurse    10 488  Brother or sister 5  Home attendant or health aide 11 489  Other relative  6  Some other person   12 490   (specify)    (specify) 491  492 
• What does this person do during the day if he/she is not helping you (the 493 PATIENT)? 494 

□ Work outside the home without pay 495 
□ Work outside the home for pay 496 
□ Work in the home without pay 497 
□ Work in the home for pay 498 
□ Other (specify) ________________________ 499  500 

• How old is this person? 501 
□ Under 18   □ 75-84 502 
□ 18-49    □   85-89 503 
□ 50-64    □   90 or greater 504 
□ 65-74 505 506 
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PROTOCOL AMENDMENT 1 

Title: Noninvasive Ventilation in Patients with Shock and/or Hypoxemic Respiratory Failure: A Comparison of Face mask versus Helmet interface  
Date: January 16, 2013  
Principle Investigators: 

• Bhakti Patel, MD. Fellow, Section of Pulmonary and Critical Care Medicine 
• Margaret Davis Hovda, MD Fellow, Section of Pulmonary and Critical Care Medicine 
• Jared Greenberg, MD, Fellow, Section of Pulmonary and Critical Care Medicine 
• Shruti B. Patel, MD Fellow, Section of Pulmonary and Critical Care Medicine 
• John P. Kress, MD. Professor, Section of Pulmonary and Critical Care Medicine 
• Anne Pohlman, APN-CNS, Coordinator Clinical Research 
• Jesse B. Hall, MD. Professor, Section of Pulmonary and Critical Care Medicine 

 
Background: Respiratory failure characterized by acute deterioration of gas exchange is often treated with endotracheal intubation and mechanical ventilation (figure 1).  Similarly, the classic teaching in the treatment of patients with shock required intubation to “take away the work of breathing.” Although, the institution of mechanical ventilation is considered life saving, the associated complications of tracheal stenosis,xxii ventilator associated pneumonia,xxii barotraumaxxii, and neuromuscular weaknessxxii are not without considerable morbidity and mortality.   Over the past years non-invasive ventilation delivered by facemask (figure 2) has become an attractive option to improve gas exchange without an artificial airway, thus preserving airway defense mechanisms, speech and swallow capabilities, and allowing interaction between patients and care providers while avoiding the complications of endotracheal intubation. This strategy of non-invasive ventilation has demonstrated significant mortality benefit in patients with hypercapnic respiratory failure from COPD,xxii,xxii acute cardiogenic pulmonary edema,xxii,xxii and hypoxemic respiratory failure in immunocompromised patients.xxii,xxii In addition to successfully avoiding endotracheal intubation, non-invasive ventilation has been used to successfully liberate patients from mechanical ventilation via an endotracheal tube to extubation and transition to non-invasive mechanical ventilation. As such non-invasive ventilation has been a standard therapy for certain types of respiratory failure for more than 15 years.  Despite the advantages of non-invasive ventilation, up to forty percent of patients fail facemask trials in part because of mask intolerance and severity of disease.xxii Some common complications contributing to mask intolerance include claustrophobia, nasal bridge skin necrosis, acneiform rash, and conjunctivitis and if present prompt premature 
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                                                                                                                                                                                   discontinuation of non-invasive ventilation and endotracheal intubation. Further limitation to facemask non-invasive ventilation is that the seal integrity is lost when higher pressures are required. For example, non-invasive ventilation via a nasal or full face mask typically begins to demonstrate leaks when the pressures required exceed 15-20 cm H2O. Unfortunately, certain types of respiratory failure such as that due to hypoxemia or shock may require such higher pressures. In an attempt to improve patient tolerability and deliver higher pressures, a transparent helmet has been proposed as a novel interface for non-invasive ventilation.  The helmet is made of transparent latex-free PVC with a soft collar that adheres to the neck ensuring a seal when inflated (figure 3). It encloses the entire head and neck of the patient and is secured by two armpit braces.  The design of the helmet confers some important advantages: 1) the transparency allows the patient to interact with the environment; 2) the lack of contact to the face lowers the risk of skin necrosis; 3) the helmet avoids problems of leaking with higher airway pressures that are seen with the face mask. Accordingly, it can be used to deliver airway pressures up to 40 cm H2O without leaking. Such higher pressures are more often needed to provide effective mechanical ventilation to patients with hypoxemic respiratory failure and/or shock; 4) it can be applied to any patient regardless of facial contour.xxii  The helmet interface has been compared to face mask in small case control studies for the treatment of hypoxemic respiratory failure (AHRF). While both interfaces have similar improvement of oxygenation, intubation rates, and mortality, the helmet had good tolerability that allowed for longer continuous application of noninvasive ventilation and in some cases sustained improvement of gas exchange even after discontinuation of therapy in immunocompromised patients,xxii,xxii non-cardiogenic acute hypoxemic respiratory failure,xxii and acute cardiogenic pulmonary edemaxxii.  Given this initial experience and success with helmet ventilation, larger randomized studies comparing this intervention to face mask in patients with AHRF and shock need to be done to understand the potential benefits of helmet ventilation.  
Purpose:  The objective of our study is to evaluate the efficacy of helmet ventilation as compared with face mask ventilation in patients with acute hypoxemic respiratory failure and evidence of shock, specifically assessing improvement of oxygenation, need for mechanical ventilation, and rates of ICU complications.  
Hypothesis:  Noninvasive positive pressure ventilation delivered by helmet will improve oxygenation and avoid the need for endotracheal intubation in some patients with hypoxemic respiratory failure and shock. This may result in improved outcomes with decreased rates of ICU related complications.  
Methods: 
Study Design 
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                                                                                                                                                                                   We propose a single center randomized controlled trial studying the efficacy of noninvasive ventilation delivered via helmet in patients with acute hypoxemic respiratory failure (AHRF) and shock. All patients admitted to the adult medical intensive care unit at the University of Chicago will be screened for eligibility.  
 
Subject Inclusion Patients aged ≥18 years of age who require noninvasive mechanical ventilation via facemask for ≥ 8 hours for the management of non-cardiogenic acute hypoxemic respiratory failure (AHRF) and/or shock will be eligible for enrollment.  Additional inclusion criteria include: 

• Intact airway protective gag reflex 
• Able to follow instructions (e.g. squeeze hand on command, eye contact with care provider, stick out tongue on command)  Acute hypoxemic respiratory failure will be defined as moderate to severe dyspnea, pulmonary infiltrates, and PaO2/FIO2 ratio less than 300.  Shock will be defined as mean arterial pressure was less than 70 mm Hg or the systolic blood pressure was less than 100 mm Hg despite administration of intravenous fluids (at least 1000 ml of crystalloids or 500 ml of colloids, unless there was an elevation in the central venous pressure to >12 mm Hg or in pulmonary-artery occlusion pressure to >14 mm Hg) and if there were signs of tissue hypoperfusion (e.g., altered mental state, mottled skin, urine output of <0.5 ml per kilogram of body weight for 1 hour, or a serum lactate level of >2 mmol per liter)xxii.  

Subject exclusion The criteria for exclusion include: 
• Cardiopulmonary arrest 
• Glascow coma scale  <8  
• Absence of airway protective gag reflex  
• Elevated intracranial pressure 
• Tracheostomy 
• Upper airway obstruction 
• Pregnancy.  
• Patients who refuse to undergo endotracheal intubation, whatever the initial therapeutic approach  

 
Helmet group Patients randomized to the intervention group will switch from noninvasive ventilation delivered via facemask to a latex-free helmet connected to the ventilator by conventional tubing. The helmet contains the head and the neck of the patient, has a rigid ring and is secured by two armpit braces; a soft collar adheres to the neck and ensures a sealed connection once the helmet is inflated.  The rigid ring has an opening for the passage of nasogastric tube (if needed). 
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                                                                                                                                                                                    Patients randomized to helmet ventilation will have the helmet applied and connected to a ventilator. The ventilator delivers pressure through the helmet inlet tubing and exhaled breaths are released though the helmet outlet tubing. The positive end-expiratory pressure (PEEP) will be increased in increments of 2-3 cmH20 to improve peripheral oxygen saturation of at least 90% at an inspired oxygen requirement (FiO2) of ≤ 60%. Pressure support will be increased in increments of 2-3cmH20 to obtain respiratory rate <25 breaths/min and disappearance of accessory muscle activity. After application of the helmet, arterial blood gas sampling will be utilized to follow gas-exchange; this is a part of usual care for the management of patients with acute hypoxemic respiratory failure and/or shock. Noninvasive support will be reduced progressively in accordance to clinical improvement and will be discontinued if patient maintains respiratory rate <30breaths/min and PaO2 >75mm Hg with FiO2 0.5 without ventilatory support. If endotracheal intubation is required, the helmet will be removed and the patient will be intubated without delay.   
Control Group Patients assigned to the control group will continue to wear face mask for delivery of noninvasive ventilation. The expiratory positive airway pressure will be titrated in 2-3cm H20 increments to achieve oxygen saturation of 90% at lowest possible FiO2 (goal FiO2 0.6 or less). The inspiratory positive airway pressure will be titrated as well to decrease tachypnea (<25 breaths/min) and improve work of breathing. Blood gas analysis will be obtained to determine appropriate gas exchange.  Predetermined criteria for intubation for both groups will include:  

• Inability to achieve an arterial oxygen saturation by pulse oximetry or arterial blood gas ≥ 88% 
• Respiratory rate > 36 breaths/min  
• Loss of ability to maintain ventilation to keep arterial blood pH ≥ 7.20 
• Loss of protective airway gag reflex (seizure disorder, severe encephalopathy, Glascow Coma Scale <8) 
• Respiratory or cardiac arrest 
• Intolerance of the helmet or face mask 
• Development of airway bleeding, persistent vomiting, and development of copious tracheal secretions.  Patients who require endotracheal intubation will have initial ventilator settings of assist-control mode with delivery of tidal volumes of 6mL/kg of ideal body weight, and titration of PEEP to achieve oxygen saturation of 90% at lowest possible FiO2 (goal FiO2 0.6 or less). Daily interruption of sedation, awakening and breathing trials will be performed per primary team.  If an enrolled patient is randomized to helmet noninvasive ventilation after intubation, they will undergo interruption of sedation and extubation with immediate placement of the helmet and initiation on noninvasive ventilation. Early initiation of noninvasive ventilation 
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                                                                                                                                                                                   in patients who do not meet start criteria for extubation to facilitate early extubation has been associated with decreased mortality, ventilator associated pneumonia, and ventilator days.xxii    
Data Collection: All study patients during hospitalization will have:  1. General Data collection: 

• Demographic information, including medical history number, age, race, gender 
• Details of current illness, including diagnosis, interventions, radiology imaging, laboratory results.  Severity of illness scoring will occur (APACHE II – see Appendix 1) as well as daily serial organ function assessments (see Appendix 2). 
• Baseline medical/surgical/functional status history 
• Dates of mechanical ventilation, ICU and hospital length of stay 
• Discharge Location  2. Daily Data Collection 
• Daily mental status evaluations, including the Richmond-Agitation-Sedation Scale (Appendix 3) and the Confusion Assessment Method (Appendix 4) 
• Muscular strength testing by physical therapists on ICU admission, ICU discharge and hospital discharge  3. All patients after discharge 
• Telephone interviews at 1, 3, 6, and 12 months after discharge (Appendix 7) 

o Lasting approximately 5 minutes in duration 
o Assessing self-reported performance of ADL’s 
o Reviewing need for medical care, including re-hospitalization, rehabilitation, physician outpatient visits 
o Current weight and nutritional status 

Endpoints:  
Primary 

• Percentage of patients requiring endotracheal intubation 
• Duration of mechanical ventilation  

o Noninvasive ventilation via face mask or helmet 
o Invasive mechanical ventilation via endotracheal tube 

• ICU length of stay 
• Hospital Mortality  
• Improvement of oxygenation (defined as PaO2/FiO2 ≥ 200 or increase from baseline by 100)  

Secondary 
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• ICU complications 

o Ventilator associated pneumonia 
o Barotrauma 
o Gastrointestinal hemorrhage 
o Pulmonary embolism 
o Sacral Decubitus ulcer 
o Delirium 
o ICU acquired weakness 

• Hospital length of stay 
• Readmission to intensive care unit 
• Discharge location (home, skilled nursing facility, nursing home, rehabilitation   

Risks and Benefits The risks of this study are limited beyond those experienced during routine critical care of an intubated, mechanically ventilated patient. 
• Non-invasive mechanical ventilation may be associated with failure to stabilize respiratory gas exchange. In this case, patients will be intubated and mechanically ventilated via the endotracheal tube. 
• Non-invasive mechanical ventilation may be associated with failure to stabilize circulatory shock. In this case, patients will be intubated and mechanically ventilated via the endotracheal tube. 
• Non-invasive mechanical ventilation may be associated with aspiration. Accordingly, only patients with an intact airway protective gag reflex will be eligible for enrollment. Aspiration is also known to occur in patients who have an endotracheal tube. Care will be taken to monitor all patients in this study for this occurrence.           
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                                                                                                                                                                                         Figure 1: Endotracheal Tube 

  Figure 2: Facemask  

   Figure 3: Helmet 
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Appendix 1: ACUTE PHYSIOLOGY AND CHRONIC HEALTH EVALUATION 

(APACHE) II SCORING SYSTEMxxii 
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Appendix 2:  Serial Organ Function Assessment[18]xxii 
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Appendix 3. Richmond agitation–sedation scalexxii 
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APPENDIX 4:  Confusion Assessment Method (CAM-ICU)xxii 
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 Appendix 5:  Telephone Survey     
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                                                                                                                                                                                   We would like to ask you (the PATIENT) some questions about your (the PATIENT’S) health: 
• In general, how would you say your health is now? 
□ Excellent 
□ Very good 
□ Good 
□ Fair 
□ Poor  
• Sometimes it is necessary to spend most of the day in bed.  Is this true for you now?   
□ Yes 
□ No 
□ Don’t know  
• Have you fallen since discharge/since the last time our team talked with you by phone? 
□ Yes 
□ No 
□ Don’t know  
• If you have fallen since discharge/since the last time our team talked with you by phone, did you see a doctor or go to an emergency department to get checked out after the fall? 
□ Yes 
□ No 
□ Don’t know  
• Have you been admitted to a hospital since your hospital discharge/the last time our team spoke with you by phone? 
□ Yes 
□ No 
□ Don’t know  
• Since discharge or the last time our team spoke with you, have you spent any time living in a nursing home, group home/assisted living facility, or rehabilitation facility? 
□ Yes 
□ No 
□ Don’t know  
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• Did (you/PATIENT) need help washing or bathing (yourself/HIMSELF/HERSELF)? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help dressing and undressing? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help eating, including cutting food? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help getting in and out of the bed and a chair? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help cleaning yourself for either bowel or bladder functions? 
□ Yes 
□ No 
□ Don’t know  
• Do you sometimes have an accident with your bowels either during the day or night? 
□ Yes 
□ No 
□ Don’t know  
• Do you sometimes wet yourself either during the day or night? 
□ Yes 
□ No 
□ Don’t know   

Do you do the following on your own (NO HELP), with some help, or are you unable 
to: 
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• Use the telephone, including looking up and dialing numbers, and answering the       phone? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Get to places out of walking distance by using public transportation or driving  your car? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Shop for groceries or clothes? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Prepare, serve and provide meals for yourself? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Do light housework, such as dusting or doing dishes? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Take pills or medicines in the correct amounts and at the correct times? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Handle your own money, including writing checks and paying bills? 
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□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Do your laundry? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Walk across the room either on your own or with a cane or walker? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  The following questions are about your living situation. 
• Where do you currently live? 

□ Your (the PATIENT’S) own apartment or house 
□ A relative or friend’s apartment or house 
□ A nursing home, group home/assisted living facility, or long-term care facility 
□ A homeless shelter 
□ Other____________________  
• How many people live with you (the PATIENT)?  __________   
• What is your current weight? __________  
• If you (the PATIENT) need extra help when you get home from the hospital, is there someone who can help you (the PATIENT)? 
□ No 
□ Yes     
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                                                                                                                                                                                   If “Yes”, what is this person’s relationship to you (the PATIENT)?   Spouse   1  Neighbor or landlord   7  Other partner  2  Other friend    8  Child   3  Floor nurse    9  Parent   4  Visiting nurse    10  Brother or sister 5  Home attendant or health aide 11  Other relative  6  Some other person   12   (specify)    (specify)  
• What does this person do during the day if he/she is not helping you (the PATIENT)? 

□ Work outside the home without pay 
□ Work outside the home for pay 
□ Work in the home without pay 
□ Work in the home for pay 
□ Other (specify) ________________________  

• How old is this person? 
□ Under 18   □ 75-84 
□ 18-49    □   85-89 
□ 50-64    □   90 or greater 
□ 65-74 
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PROTOCOL AMENDMENT 2 

Title: Noninvasive Ventilation in Patients with Respiratory Failure: A Comparison of Face mask versus Helmet interface  
Date: April 11, 2013  
Principle Investigators: 

• Bhakti Patel, MD. Fellow, Section of Pulmonary and Critical Care Medicine 
• Margaret Davis Hovda, MD Fellow, Section of Pulmonary and Critical Care Medicine 
• Jared Greenberg, MD, Fellow, Section of Pulmonary and Critical Care Medicine 
• Shruti B. Patel, MD Fellow, Section of Pulmonary and Critical Care Medicine 
• John P. Kress, MD. Professor, Section of Pulmonary and Critical Care Medicine 
• Anne Pohlman, APN-CNS, Coordinator Clinical Research 
• Jesse B. Hall, MD. Professor, Section of Pulmonary and Critical Care Medicine 

 
Background: Respiratory failure characterized by acute deterioration of gas exchange is often treated with endotracheal intubation and mechanical ventilation (figure 1).  Similarly, the classic teaching in the treatment of patients with shock required intubation to “take away the work of breathing.” Although, the institution of mechanical ventilation is considered life saving, the associated complications of tracheal stenosis,xxii ventilator associated pneumonia,xxii barotraumaxxii, and neuromuscular weaknessxxii are not without considerable morbidity and mortality.   Over the past years non-invasive ventilation delivered by facemask (figure 2) has become an attractive option to improve gas exchange without an artificial airway, thus preserving airway defense mechanisms, speech and swallow capabilities, and allowing interaction between patients and care providers while avoiding the complications of endotracheal intubation. This strategy of non-invasive ventilation has demonstrated significant mortality benefit in patients with hypercapnic respiratory failure from COPD,xxii,xxii acute cardiogenic pulmonary edema,xxii,xxii and hypoxemic respiratory failure in immunocompromised patients.xxii,xxii In addition to successfully avoiding endotracheal intubation, non-invasive ventilation has been used to successfully liberate patients from mechanical ventilation via an endotracheal tube to extubation and transition to non-invasive mechanical ventilation. As such non-invasive ventilation has been a standard therapy for certain types of respiratory failure for more than 15 years.  Despite the advantages of non-invasive ventilation, up to forty percent of patients fail facemask trials in part because of mask intolerance and severity of disease.xxii Some common complications contributing to mask intolerance include claustrophobia, nasal bridge skin necrosis, acneiform rash, and conjunctivitis and if present prompt premature 
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                                                                                                                                                                                   discontinuation of non-invasive ventilation and endotracheal intubation. Further limitation to facemask non-invasive ventilation is that the seal integrity is lost when higher pressures are required. For example, non-invasive ventilation via a nasal or full face mask typically begins to demonstrate leaks when the pressures required exceed 15-20 cm H2O. Unfortunately, certain types of respiratory failure such as that due to hypoxemia or shock may require such higher pressures. In an attempt to improve patient tolerability and deliver higher pressures, a transparent helmet has been proposed as a novel interface for non-invasive ventilation.  The helmet is made of transparent latex-free PVC with a soft collar that adheres to the neck ensuring a seal when inflated (figure 3). It encloses the entire head and neck of the patient and is secured by two armpit braces.  The design of the helmet confers some important advantages: 1) the transparency allows the patient to interact with the environment; 2) the lack of contact to the face lowers the risk of skin necrosis; 3) the helmet avoids problems of leaking with higher airway pressures that are seen with the face mask. Accordingly, it can be used to deliver airway pressures up to 40 cm H2O without leaking. Such higher pressures are more often needed to provide effective mechanical ventilation to patients with hypoxemic respiratory failure and/or shock; 4) it can be applied to any patient regardless of facial contour.xxii  The helmet interface has been compared to face mask in small case control studies for the treatment of hypoxemic respiratory failure (AHRF). While both interfaces have similar improvement of oxygenation, intubation rates, and mortality, the helmet had good tolerability that allowed for longer continuous application of noninvasive ventilation and in some cases sustained improvement of gas exchange even after discontinuation of therapy in immunocompromised patients,xxii,xxii non-cardiogenic acute hypoxemic respiratory failure,xxii and acute cardiogenic pulmonary edemaxxii.  Given this initial experience and success with helmet ventilation, larger randomized studies comparing this intervention to face mask in patients with AHRF and shock need to be done to understand the potential benefits of helmet ventilation.  
Purpose:  The objective of our study is to evaluate the efficacy of helmet ventilation as compared with face mask ventilation in patients with acute hypoxemic respiratory failure and evidence of shock, specifically assessing improvement of oxygenation, need for mechanical ventilation, and rates of ICU complications.  
Hypothesis:  Noninvasive positive pressure ventilation delivered by helmet will improve oxygenation and/or ventilation and avoid the need for endotracheal intubation in more patients with respiratory failure than noninvasive ventilation via face mask. This may result in improved outcomes with decreased rates of ICU related complications.  
Methods: 
Study Design 
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                                                                                                                                                                                   We propose a single center randomized controlled trial studying the efficacy of noninvasive ventilation delivered via helmet in patients with respiratory failure (hypoxemic, ventilatory, or failure due to shock). All patients admitted to the adult medical intensive care unit at the University of Chicago will be screened for eligibility.  
 
Subject Inclusion Patients aged ≥18 years of age who require noninvasive mechanical ventilation via facemask for ≥ 8 hours for the management of respiratory failure including:  1. hypoxemic failure due to cardiac pulmonary edema and non-cardiogenic acute hypoxemic respiratory failure (AHRF) and/or  2. shock and/or 3. Ventilatory failure due to Chronic obstructive Pulmonary disease (COPD)/Asthma,  will be eligible for enrollment.  Additional inclusion criteria include: 

• Intact airway protective gag reflex 
• Able to follow instructions (e.g. squeeze hand on command, eye contact with care provider, stick out tongue on command)  Acute hypoxemic respiratory failure will be defined as moderate to severe dyspnea, pulmonary infiltrates, and PaO2/FIO2 ratio less than 300.  Shock will be defined as mean arterial pressure was less than 70 mm Hg or the systolic blood pressure was less than 100 mm Hg despite administration of intravenous fluids (at least 1000 ml of crystalloids or 500 ml of colloids, unless there was an elevation in the central venous pressure to >12 mm Hg or in pulmonary-artery occlusion pressure to >14 mm Hg) and if there were signs of tissue hypoperfusion (e.g., altered mental state, mottled skin, urine output of <0.5 ml per kilogram of body weight for 1 hour, or a serum lactate level of >2 mmol per liter)xxii.  

Subject exclusion The criteria for exclusion include: 
• Cardiopulmonary arrest 
• Glascow coma scale  <8  
• Absence of airway protective gag reflex  
• Elevated intracranial pressure 
• Tracheostomy 
• Upper airway obstruction 
• Pregnancy.  
• Patients who refuse to undergo endotracheal intubation, whatever the initial therapeutic approach  

 
Helmet group Patients randomized to the intervention group will switch from noninvasive ventilation delivered via facemask to a latex-free helmet connected to the ventilator by conventional 
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                                                                                                                                                                                   tubing. The helmet contains the head and the neck of the patient, has a rigid ring and is secured by two armpit braces; a soft collar adheres to the neck and ensures a sealed connection once the helmet is inflated.  The rigid ring has an opening for the passage of nasogastric tube (if needed).  Patients randomized to helmet ventilation will have the helmet applied and connected to a ventilator. The ventilator delivers pressure through the helmet inlet tubing and exhaled breaths are released though the helmet outlet tubing. The positive end-expiratory pressure (PEEP) will be increased in increments of 2-3 cmH20 to improve peripheral oxygen saturation of at least 90% at an inspired oxygen requirement (FiO2) of ≤ 60%. Pressure support will be increased in increments of 2-3cmH20 to obtain respiratory rate <25 breaths/min and disappearance of accessory muscle activity. After application of the helmet, arterial blood gas sampling will be utilized to follow gas-exchange; this is a part of usual care for the management of patients with acute hypoxemic respiratory failure and/or shock. Noninvasive support will be reduced progressively in accordance to clinical improvement and will be discontinued if patient maintains respiratory rate <30breaths/min and PaO2 >75mm Hg with FiO2 0.5 without ventilatory support. If endotracheal intubation is required, the helmet will be removed and the patient will be intubated without delay.   
Control Group Patients assigned to the control group will continue to wear face mask for delivery of noninvasive ventilation. The expiratory positive airway pressure will be titrated in 2-3cm H20 increments to achieve oxygen saturation of 90% at lowest possible FiO2 (goal FiO2 0.6 or less). The inspiratory positive airway pressure will be titrated as well to decrease tachypnea (<25 breaths/min) and improve work of breathing. Blood gas analysis will be obtained to determine appropriate gas exchange.  Predetermined criteria for intubation for both groups will include:  

• Inability to achieve an arterial oxygen saturation by pulse oximetry or arterial blood gas ≥ 88% 
• Respiratory rate > 36 breaths/min  
• Loss of ability to maintain ventilation to keep arterial blood pH ≥ 7.20 
• Loss of protective airway gag reflex (seizure disorder, severe encephalopathy, Glascow Coma Scale <8) 
• Respiratory or cardiac arrest 
• Intolerance of the helmet or face mask 
• Development of airway bleeding, persistent vomiting, and development of copious tracheal secretions.  Patients who require endotracheal intubation will have initial ventilator settings of assist-control mode with delivery of tidal volumes of 6-8mL/kg of ideal body weight, and titration of PEEP to achieve oxygen saturation of 90% at lowest possible FiO2 (goal FiO2 0.6 or less). Daily interruption of sedation, awakening and breathing trials will be performed per primary team. 
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                                                                                                                                                                                    If an enrolled patient is randomized to helmet noninvasive ventilation after intubation, they will undergo interruption of sedation and extubation with immediate placement of the helmet and initiation on noninvasive ventilation. Early initiation of noninvasive ventilation in patients who do not meet start criteria for extubation to facilitate early extubation has been associated with decreased mortality, ventilator associated pneumonia, and ventilator days.xxii    
Data Collection: All study patients during hospitalization will have:  2. General Data collection: 

• Demographic information, including medical history number, age, race, gender 
• Details of current illness, including diagnosis, interventions, radiology imaging, laboratory results.  Severity of illness scoring will occur (APACHE II – see Appendix 1) as well as daily serial organ function assessments (see Appendix 2). 
• Baseline medical/surgical/functional status history 
• Dates of mechanical ventilation, ICU and hospital length of stay 
• Discharge Location  4. Daily Data Collection 
• Daily mental status evaluations, including the Richmond-Agitation-Sedation Scale (Appendix 3) and the Confusion Assessment Method (Appendix 4) 
• Muscular strength testing by physical therapists on ICU admission, ICU discharge and hospital discharge  5. All patients after discharge 
• Telephone interviews at 1, 3, 6, and 12 months after discharge (Appendix 7) 

o Lasting approximately 5 minutes in duration 
o Assessing self-reported performance of ADL’s 
o Reviewing need for medical care, including re-hospitalization, rehabilitation, physician outpatient visits 
o Current weight and nutritional status 

Endpoints:  
Primary 

• Percentage of patients requiring endotracheal intubation 
• Duration of mechanical ventilation  

o Noninvasive ventilation via face mask or helmet 
o Invasive mechanical ventilation via endotracheal tube 

• ICU length of stay 
• Hospital Mortality  
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• Improvement of oxygenation (defined as PaO2/FiO2 ≥ 200 or increase from baseline by 100)  

Secondary 
• ICU complications 

o Ventilator associated pneumonia 
o Barotrauma 
o Gastrointestinal hemorrhage 
o Pulmonary embolism 
o Sacral Decubitus ulcer 
o Delirium 
o ICU acquired weakness 

• Hospital length of stay 
• Readmission to intensive care unit 
• Discharge location (home, skilled nursing facility, nursing home, rehabilitation   

Risks and Benefits The risks of this study are limited beyond those experienced during routine critical care of an intubated, mechanically ventilated patient. 
• Non-invasive mechanical ventilation may be associated with failure to stabilize respiratory gas exchange. In this case, patients will be intubated and mechanically ventilated via the endotracheal tube. 
• Non-invasive mechanical ventilation may be associated with failure to stabilize circulatory shock. In this case, patients will be intubated and mechanically ventilated via the endotracheal tube. 
• Non-invasive mechanical ventilation may be associated with aspiration. Accordingly, only patients with an intact airway protective gag reflex will be eligible for enrollment. Aspiration is also known to occur in patients who have an endotracheal tube. Care will be taken to monitor all patients in this study for this occurrence.         
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                                                                                                                                                                                         Figure 1: Endotracheal Tube 

  Figure 2: Facemask  

   Figure 3: Helmet 
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Appendix 1: ACUTE PHYSIOLOGY AND CHRONIC HEALTH EVALUATION 

(APACHE) II SCORING SYSTEMxxii 
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Appendix 2:  Serial Organ Function Assessment[18]xxii 
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Appendix 3. Richmond agitation–sedation scalexxii 
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APPENDIX 4:  Confusion Assessment Method (CAM-ICU)xxii 
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 Appendix 5:  Telephone Survey     
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                                                                                                                                                                                   We would like to ask you (the PATIENT) some questions about your (the PATIENT’S) health: 
• In general, how would you say your health is now? 
□ Excellent 
□ Very good 
□ Good 
□ Fair 
□ Poor  
• Sometimes it is necessary to spend most of the day in bed.  Is this true for you now?   
□ Yes 
□ No 
□ Don’t know  
• Have you fallen since discharge/since the last time our team talked with you by phone? 
□ Yes 
□ No 
□ Don’t know  
• If you have fallen since discharge/since the last time our team talked with you by phone, did you see a doctor or go to an emergency department to get checked out after the fall? 
□ Yes 
□ No 
□ Don’t know  
• Have you been admitted to a hospital since your hospital discharge/the last time our team spoke with you by phone? 
□ Yes 
□ No 
□ Don’t know  
• Since discharge or the last time our team spoke with you, have you spent any time living in a nursing home, group home/assisted living facility, or rehabilitation facility? 
□ Yes 
□ No 
□ Don’t know  
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• Did (you/PATIENT) need help washing or bathing (yourself/HIMSELF/HERSELF)? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help dressing and undressing? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help eating, including cutting food? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help getting in and out of the bed and a chair? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help cleaning yourself for either bowel or bladder functions? 
□ Yes 
□ No 
□ Don’t know  
• Do you sometimes have an accident with your bowels either during the day or night? 
□ Yes 
□ No 
□ Don’t know  
• Do you sometimes wet yourself either during the day or night? 
□ Yes 
□ No 
□ Don’t know   

Do you do the following on your own (NO HELP), with some help, or are you unable 
to: 
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• Use the telephone, including looking up and dialing numbers, and answering the       phone? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Get to places out of walking distance by using public transportation or driving  your car? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Shop for groceries or clothes? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Prepare, serve and provide meals for yourself? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Do light housework, such as dusting or doing dishes? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Take pills or medicines in the correct amounts and at the correct times? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Handle your own money, including writing checks and paying bills? 
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□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Do your laundry? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Walk across the room either on your own or with a cane or walker? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  The following questions are about your living situation. 
• Where do you currently live? 

□ Your (the PATIENT’S) own apartment or house 
□ A relative or friend’s apartment or house 
□ A nursing home, group home/assisted living facility, or long-term care facility 
□ A homeless shelter 
□ Other____________________  
• How many people live with you (the PATIENT)?  __________   
• What is your current weight? __________  
• If you (the PATIENT) need extra help when you get home from the hospital, is there someone who can help you (the PATIENT)? 
□ No 
□ Yes     
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                                                                                                                                                                                   If “Yes”, what is this person’s relationship to you (the PATIENT)?   Spouse   1  Neighbor or landlord   7  Other partner  2  Other friend    8  Child   3  Floor nurse    9  Parent   4  Visiting nurse    10  Brother or sister 5  Home attendant or health aide 11  Other relative  6  Some other person   12   (specify)    (specify)  
• What does this person do during the day if he/she is not helping you (the PATIENT)? 

□ Work outside the home without pay 
□ Work outside the home for pay 
□ Work in the home without pay 
□ Work in the home for pay 
□ Other (specify) ________________________  

• How old is this person? 
□ Under 18   □ 75-84 
□ 18-49    □   85-89 
□ 50-64    □   90 or greater 
□ 65-74  

Title: Noninvasive Ventilation in Patients with Respiratory Failure: A Comparison of Face mask versus Helmet interface  
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PROTOCOL AMENDMENT 6 
 
Date: April 28, 2015  
Principle Investigators: 

• Bhakti Patel, MD. Fellow, Section of Pulmonary and Critical Care Medicine 
• Margaret Davis Hovda, MD Fellow, Section of Pulmonary and Critical Care Medicine 
• Jared Greenberg, MD, Fellow, Section of Pulmonary and Critical Care Medicine 
• Shruti B. Patel, MD Fellow, Section of Pulmonary and Critical Care Medicine 
• John P. Kress, MD. Professor, Section of Pulmonary and Critical Care Medicine 
• Anne Pohlman, APN-CNS, Coordinator Clinical Research 
• Jesse B. Hall, MD. Professor, Section of Pulmonary and Critical Care Medicine 

 
Background: Respiratory failure characterized by acute deterioration of gas exchange is often treated with endotracheal intubation and mechanical ventilation (figure 1).  Similarly, the classic teaching in the treatment of patients with shock required intubation to “take away the work of breathing.” Although, the institution of mechanical ventilation is considered life saving, the associated complications of tracheal stenosis,xxii ventilator associated pneumonia,xxii barotraumaxxii, and neuromuscular weaknessxxii are not without considerable morbidity and mortality.   Over the past years non-invasive ventilation delivered by facemask (figure 2) has become an attractive option to improve gas exchange without an artificial airway, thus preserving airway defense mechanisms, speech and swallow capabilities, and allowing interaction between patients and care providers while avoiding the complications of endotracheal intubation. This strategy of non-invasive ventilation has demonstrated significant mortality benefit in patients with hypercapnic respiratory failure from COPD,xxii,xxii acute cardiogenic pulmonary edema,xxii,xxii and hypoxemic respiratory failure in immunocompromised patients.xxii,xxii In addition to successfully avoiding endotracheal intubation, non-invasive ventilation has been used to successfully liberate patients from mechanical ventilation via an endotracheal tube to extubation and transition to non-invasive mechanical ventilation. As such non-invasive ventilation has been a standard therapy for certain types of respiratory failure for more than 15 years.  Despite the advantages of non-invasive ventilation, up to forty percent of patients fail facemask trials in part because of mask intolerance and severity of disease.xxii Some common complications contributing to mask intolerance include claustrophobia, nasal bridge skin necrosis, acneiform rash, and conjunctivitis and if present prompt premature discontinuation of non-invasive ventilation and endotracheal intubation. Further limitation to facemask non-invasive ventilation is that the seal integrity is lost when higher pressures are required. For example, non-invasive ventilation via a nasal or full face mask typically begins to demonstrate leaks when the pressures required exceed 15-20 cm H2O. Unfortunately, certain types of respiratory failure such as that due to hypoxemia or shock 
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                                                                                                                                                                                   may require such higher pressures. In an attempt to improve patient tolerability and deliver higher pressures, a transparent helmet has been proposed as a novel interface for non-invasive ventilation.  The helmet is made of transparent latex-free PVC with a soft collar that adheres to the neck ensuring a seal when inflated (figure 3). It encloses the entire head and neck of the patient and is secured by two armpit braces.  The design of the helmet confers some important advantages: 1) the transparency allows the patient to interact with the environment; 2) the lack of contact to the face lowers the risk of skin necrosis; 3) the helmet avoids problems of leaking with higher airway pressures that are seen with the face mask. Accordingly, it can be used to deliver airway pressures up to 40 cm H2O without leaking. Such higher pressures are more often needed to provide effective mechanical ventilation to patients with hypoxemic respiratory failure and/or shock; 4) it can be applied to any patient regardless of facial contour.xxii  The helmet interface has been compared to face mask in small case control studies for the treatment of hypoxemic respiratory failure (AHRF). While both interfaces have similar improvement of oxygenation, intubation rates, and mortality, the helmet had good tolerability that allowed for longer continuous application of noninvasive ventilation and in some cases sustained improvement of gas exchange even after discontinuation of therapy in immunocompromised patients,xxii,xxii non-cardiogenic acute hypoxemic respiratory failure,xxii and acute cardiogenic pulmonary edemaxxii.  Given this initial experience and success with helmet ventilation, larger randomized studies comparing this intervention to face mask in patients with AHRF and shock need to be done to understand the potential benefits of helmet ventilation.  
Purpose:  The objective of our study is to evaluate the efficacy of helmet ventilation as compared with face mask ventilation in patients with acute hypoxemic respiratory failure and evidence of shock, specifically assessing improvement of oxygenation, need for mechanical ventilation, and rates of ICU complications.  
Hypothesis:  Noninvasive positive pressure ventilation delivered by helmet will improve oxygenation and/or ventilation and avoid the need for endotracheal intubation in more patients with respiratory failure than noninvasive ventilation via face mask. This may result in improved outcomes with decreased rates of ICU related complications.  
Methods: 
Study Design We propose a single center randomized controlled trial studying the efficacy of noninvasive ventilation delivered via helmet in patients with respiratory failure (hypoxemic, ventilatory, or failure due to shock). All patients admitted to the adult medical intensive care unit at the University of Chicago will be screened for eligibility.  
 
Subject Inclusion 
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                                                                                                                                                                                   Patients aged ≥18 years of age who require noninvasive mechanical ventilation via facemask for ≥ 8 hours for the management of respiratory failure including:  4. hypoxemic failure due to cardiac pulmonary edema and non-cardiogenic acute hypoxemic respiratory failure (AHRF) and/or  5. shock and/or 6. Ventilatory failure due to Chronic obstructive Pulmonary disease (COPD)/Asthma,  will be eligible for enrollment.  Additional inclusion criteria include: 
• Intact airway protective gag reflex 
• Able to follow instructions (e.g. squeeze hand on command, eye contact with care provider, stick out tongue on command)  Acute hypoxemic respiratory failure will be defined as moderate to severe dyspnea, pulmonary infiltrates, and PaO2/FIO2 ratio less than 300.  Shock will be defined as mean arterial pressure was less than 70 mm Hg or the systolic blood pressure was less than 100 mm Hg despite administration of intravenous fluids (at least 1000 ml of crystalloids or 500 ml of colloids, unless there was an elevation in the central venous pressure to >12 mm Hg or in pulmonary-artery occlusion pressure to >14 mm Hg) and if there were signs of tissue hypoperfusion (e.g., altered mental state, mottled skin, urine output of <0.5 ml per kilogram of body weight for 1 hour, or a serum lactate level of >2 mmol per liter)xxii.  

Subject exclusion The criteria for exclusion include: 
• Cardiopulmonary arrest 
• Glascow coma scale  <8  
• Absence of airway protective gag reflex  
• Elevated intracranial pressure 
• Tracheostomy 
• Upper airway obstruction 
• Pregnancy.  
• Patients who refuse to undergo endotracheal intubation, whatever the initial therapeutic approach  

 
Helmet group Patients randomized to the intervention group will switch from noninvasive ventilation delivered via facemask to a latex-free helmet connected to the ventilator by conventional tubing. The helmet contains the head and the neck of the patient, has a rigid ring and is secured by two armpit braces; a soft collar adheres to the neck and ensures a sealed connection once the helmet is inflated.  The rigid ring has an opening for the passage of nasogastric tube (if needed).  
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                                                                                                                                                                                   Patients randomized to helmet ventilation will have the helmet applied and connected to a ventilator. The ventilator delivers pressure through the helmet inlet tubing and exhaled breaths are released though the helmet outlet tubing. The positive end-expiratory pressure (PEEP) will be increased in increments of 2-3 cmH20 to improve peripheral oxygen saturation of at least 90% at an inspired oxygen requirement (FiO2) of ≤ 60%. Pressure support will be increased in increments of 2-3cmH20 to obtain respiratory rate <25 breaths/min and disappearance of accessory muscle activity. After application of the helmet, arterial blood gas sampling will be utilized to follow gas-exchange; this is a part of usual care for the management of patients with acute hypoxemic respiratory failure and/or shock. Noninvasive support will be reduced progressively in accordance to clinical improvement and will be discontinued if patient maintains respiratory rate <30breaths/min and PaO2 >75mm Hg with FiO2 0.5 without ventilatory support. If endotracheal intubation is required, the helmet will be removed and the patient will be intubated without delay.   
Control Group Patients assigned to the control group will continue to wear face mask for delivery of noninvasive ventilation. The expiratory positive airway pressure will be titrated in 2-3cm H20 increments to achieve oxygen saturation of 90% at lowest possible FiO2 (goal FiO2 0.6 or less). The inspiratory positive airway pressure will be titrated as well to decrease tachypnea (<25 breaths/min) and improve work of breathing. Blood gas analysis will be obtained to determine appropriate gas exchange.  Predetermined criteria for intubation for both groups will include:  

• Inability to achieve an arterial oxygen saturation by pulse oximetry or arterial blood gas ≥ 88% 
• Respiratory rate > 36 breaths/min  
• Loss of ability to maintain ventilation to keep arterial blood pH ≥ 7.20 
• Loss of protective airway gag reflex (seizure disorder, severe encephalopathy, Glascow Coma Scale <8) 
• Respiratory or cardiac arrest 
• Intolerance of the helmet or face mask 
• Development of airway bleeding, persistent vomiting, and development of copious tracheal secretions.  Patients who require endotracheal intubation will have initial ventilator settings of assist-control mode with delivery of tidal volumes of 6-8mL/kg of ideal body weight, and titration of PEEP to achieve oxygen saturation of 90% at lowest possible FiO2 (goal FiO2 0.6 or less). Daily interruption of sedation, awakening and breathing trials will be performed per primary team.  If an enrolled patient is randomized to helmet noninvasive ventilation after intubation, they will undergo interruption of sedation and extubation with immediate placement of the helmet and initiation on noninvasive ventilation. Early initiation of noninvasive ventilation in patients who do not meet start criteria for extubation to facilitate early extubation has 
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                                                                                                                                                                                   been associated with decreased mortality, ventilator associated pneumonia, and ventilator days.xxii    
Data Collection: All study patients during hospitalization will have:  3. General Data collection: 

• Demographic information, including medical history number, age, race, gender 
• Details of current illness, including diagnosis, interventions, radiology imaging, laboratory results.  Severity of illness scoring will occur (APACHE II – see Appendix 1) as well as daily serial organ function assessments (see Appendix 2). 
• Baseline medical/surgical/functional status history 
• Dates of mechanical ventilation, ICU and hospital length of stay 
• Discharge Location  6. Daily Data Collection 
• Daily mental status evaluations, including the Richmond-Agitation-Sedation Scale (Appendix 3) and the Confusion Assessment Method (Appendix 4) 
• Muscular strength testing by physical therapists on ICU admission, ICU discharge and hospital discharge  7. All patients after discharge 
• Telephone interviews at 1, 3, 6, and 12 months after discharge (Appendix 7) 

o Lasting approximately 5 minutes in duration 
o Assessing self-reported performance of ADL’s 
o Reviewing need for medical care, including re-hospitalization, rehabilitation, physician outpatient visits 
o Current weight and nutritional status 

Endpoints:  
Primary 

• Percentage of patients requiring endotracheal intubation 
• Duration of mechanical ventilation  

o Noninvasive ventilation via face mask or helmet 
o Invasive mechanical ventilation via endotracheal tube 

• ICU length of stay 
• Hospital Mortality  
• Improvement of oxygenation (defined as PaO2/FiO2 ≥ 200 or increase from baseline by 100)  

Secondary 
• ICU complications 
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o Ventilator associated pneumonia 
o Barotrauma 
o Gastrointestinal hemorrhage 
o Pulmonary embolism 
o Sacral Decubitus ulcer 
o Delirium 
o ICU acquired weakness 

• Hospital length of stay 
• Readmission to intensive care unit 
• Discharge location (home, skilled nursing facility, nursing home, rehabilitation   

Risks and Benefits The risks of this study are limited beyond those experienced during routine critical care of an intubated, mechanically ventilated patient. 
• Non-invasive mechanical ventilation may be associated with failure to stabilize respiratory gas exchange. In this case, patients will be intubated and mechanically ventilated via the endotracheal tube. 
• Non-invasive mechanical ventilation may be associated with failure to stabilize circulatory shock. In this case, patients will be intubated and mechanically ventilated via the endotracheal tube. 
• Non-invasive mechanical ventilation may be associated with aspiration. Accordingly, only patients with an intact airway protective gag reflex will be eligible for enrollment. Aspiration is also known to occur in patients who have an endotracheal tube. Care will be taken to monitor all patients in this study for this occurrence.            
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                                                                                                                                                                                      Figure 1: Endotracheal Tube 

  Figure 2: Facemask  

   Figure 3: Helmet 
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Appendix 1: ACUTE PHYSIOLOGY AND CHRONIC HEALTH EVALUATION 

(APACHE) II SCORING SYSTEMxxii 
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Appendix 2:  Serial Organ Function Assessment[18]xxii 
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Appendix 3. Richmond agitation–sedation scalexxii 
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APPENDIX 4:  Confusion Assessment Method (CAM-ICU)xxii 
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 Appendix 5:  Telephone Survey     
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                                                                                                                                                                                   We would like to ask you (the PATIENT) some questions about your (the PATIENT’S) health: 
• In general, how would you say your health is now? 
□ Excellent 
□ Very good 
□ Good 
□ Fair 
□ Poor  
• Sometimes it is necessary to spend most of the day in bed.  Is this true for you now?   
□ Yes 
□ No 
□ Don’t know  
• Have you fallen since discharge/since the last time our team talked with you by phone? 
□ Yes 
□ No 
□ Don’t know  
• If you have fallen since discharge/since the last time our team talked with you by phone, did you see a doctor or go to an emergency department to get checked out after the fall? 
□ Yes 
□ No 
□ Don’t know  
• Have you been admitted to a hospital since your hospital discharge/the last time our team spoke with you by phone? 
□ Yes 
□ No 
□ Don’t know  
• Since discharge or the last time our team spoke with you, have you spent any time living in a nursing home, group home/assisted living facility, or rehabilitation facility? 
□ Yes 
□ No 
□ Don’t know  
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• Did (you/PATIENT) need help washing or bathing (yourself/HIMSELF/HERSELF)? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help dressing and undressing? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help eating, including cutting food? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help getting in and out of the bed and a chair? 
□ Yes 
□ No 
□ Don’t know  
• Do you need help cleaning yourself for either bowel or bladder functions? 
□ Yes 
□ No 
□ Don’t know  
• Do you sometimes have an accident with your bowels either during the day or night? 
□ Yes 
□ No 
□ Don’t know  
• Do you sometimes wet yourself either during the day or night? 
□ Yes 
□ No 
□ Don’t know   

Do you do the following on your own (NO HELP), with some help, or are you unable 
to: 
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• Use the telephone, including looking up and dialing numbers, and answering the       phone? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Get to places out of walking distance by using public transportation or driving  your car? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Shop for groceries or clothes? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Prepare, serve and provide meals for yourself? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Do light housework, such as dusting or doing dishes? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Take pills or medicines in the correct amounts and at the correct times? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Handle your own money, including writing checks and paying bills? 
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□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Do your laundry? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  
• Walk across the room either on your own or with a cane or walker? 
□ On own/no help 
□ Some help 
□ Unable to do this 
□ Don’t know  The following questions are about your living situation. 
• Where do you currently live? 

□ Your (the PATIENT’S) own apartment or house 
□ A relative or friend’s apartment or house 
□ A nursing home, group home/assisted living facility, or long-term care facility 
□ A homeless shelter 
□ Other____________________  
• How many people live with you (the PATIENT)?  __________   
• What is your current weight? __________  
• If you (the PATIENT) need extra help when you get home from the hospital, is there someone who can help you (the PATIENT)? 
□ No 
□ Yes     
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                                                                                                                                                                                   If “Yes”, what is this person’s relationship to you (the PATIENT)?   Spouse   1  Neighbor or landlord   7  Other partner  2  Other friend    8  Child   3  Floor nurse    9  Parent   4  Visiting nurse    10  Brother or sister 5  Home attendant or health aide 11  Other relative  6  Some other person   12   (specify)    (specify)  
• What does this person do during the day if he/she is not helping you (the PATIENT)? 

□ Work outside the home without pay 
□ Work outside the home for pay 
□ Work in the home without pay 
□ Work in the home for pay 
□ Other (specify) ________________________  

• How old is this person? 
□ Under 18   □ 75-84 
□ 18-49    □   85-89 
□ 50-64    □   90 or greater 
□ 65-74        
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                                                                                                                                                                                   Statistical Considerations Randomization Patients are randomized 1:1 to the two arms (mask ventilation or helmet ventilation) by prepared sealed envelopes.  Primary Endpoint The primary outcome measure is the proportion of patients requiring and undergoing endotracheal intubation (timeframe). In our experience in the medical ICU, approximately 50% of all patients who require non-invasive ventilation via facemask ultimately require invasive endotracheal intubation. This trial will target an absolute reduction of this failure rate of 20% (and equivalent to a relative reduction of 40%), resulting in 30% of patients on helmet noninvasive ventilation requiring endotracheal intubation. Power and Sample Size We specify two-sided (type I error) α = 0.05 and seek power of 80% for the effect size control group rate and effect size above, leading to a sample size requirement of 103 patients in each group (206 total patients). As the sample size for this endpoint depends in part on the control (facemask) group intubation rate, and depending on this rate, different improvements might be considered a clinically material gain, sample size is shown for a range of control group rates and relative reductions (the first column represents a 40% reduction in the rate of the rate as planned in this study). Control Group Intubation Rate N per group (rate) for 40% relative reduction N per group (rate) for 50% relative reduction 0.40 145 (0.24) 91 (0.20) 0.45 122 (0.27) 77 (0.225) 0.50 103 (0.30) 66 (0.250) 0.55 88 (0.33) 57 (0.275)  It can be seen that approximately 105 patients/arm will be adequate for detecting reductions in intubation rate of 40% or larger, when control group intubation rates in the range of 47.5%-50%. During the trial, the control group rate will be reassessed in order to determine if sample size adjustment (based on the control group rate only, not the effect size) is warranted.  Analytic Methods The primary analysis will involve testing for a difference of proportions between the two randomized groups, if there are imbalances in patient characteristics between groups, analysis 
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                                                                                                                                                                                   using logistic regression to will be used to provide a test adjusted for differences in these factors. Stratified table analysis may also be employed. Interim Monitoring Safety and study conduct will be monitored continuously by the investigators and reviewed periodically by an independent Data and Safety Monitoring Board (DSMB). The assumed control group intubation rate as stated above is 50%, Since the statistical power at a given sample size depends on this parameter, it will be inspected at the time of interim analysis to determine if there is a strong deviation from this anticipated rate. If the rate differs by more than 10%, then sample size adjustment may be considered. Note that this re-assessment is independent of the specified effect size, and thus does not alter the operating characteristics of the trial with respect to alpha level and power. Statistical monitoring for the primary endpoint will be conducted to determine if early trial stopping warrants consideration (at the pre-specified alternative hypothesis of a 40% relative reduction in intubation rate), The study will primarily monitored for futility, or early determination that the two groups are unlikely to differ with respect to the primary endpoint (intubation rate). A futility boundary will be established via conditional power, defined as Pr (reject H0 at end of trial current data and assumed H1 effect), If this probability is sufficiently small, then stopping at a given point prior to the planned trial end may be justified. Here, we will consider conditional power approaching 20% as warranting consideration of early stopping. Early stopping for efficacy in this trial would only be considered under extraordinary evidence of benefit, and thus an extreme significance level will be specified for early rejection of the null hypothesis and declaration that the helmet strategy is superior. This specification has the advantage of having no material effect on significance level for the definitive hypothesis test at study end. The following table provides the criteria for the primary endpoint monitoring plan. Analysis after assessment of Fraction of total information Efficacy Stopping: Futility Stopping: Consider stop if: Z   > P < Z <  P > 35 patients per group 0.333 3.08 0.001 -0.966 0.83370 patients per group 0.667 3.08 0.001 0.678 0.249 Final Test (105/group)  1.00 1.96 0.025 --- ---  It is noted that these boundaries serve as guidelines for the investigators and DSMB, and decisions should be made in conjunction with other information from the trial.   
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